Molecular basis of two novel dehalogenating activities in bacteria:structure/function relationships in an evolutionary context by de Jong, René Marcel
  
 University of Groningen
Molecular basis of two novel dehalogenating activities in bacteria
de Jong, René Marcel
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2004
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
de Jong, R. M. (2004). Molecular basis of two novel dehalogenating activities in bacteria: structure/function
relationships in an evolutionary context. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the






Molecular basis of two novel 
dehalogenating activities in bacteria 
 






























Foto’s omslag: Dinanda Lutikhedde, MFA  
 











The research presented in this work was performed in the protein crystallography 
group at the Laboratory of Biophysical Chemistry of the University of Groningen. 
This work was supported by The Netherlands Foundation of Chemical Research 











Molecular basis of two novel 
dehalogenating activities in bacteria 
 








ter verkrijging van het doctoraat in de  
Wiskunde en Natuurwetenschappen  
aan de Rijksuniversiteit Groningen  
op gezag van de  
Rector Magnificus, dr. F. Zwarts,  
in het openbaar te verdedigen op  
vrijdag 30 januari 2004  





René Marcel de Jong 
 




Promotor:     Prof. dr. B. W. Dijkstra 
 
Beoordelingscommissie:  Prof. dr. D. B. Janssen 
     Prof. dr. A. E. Mark 
















CHAPTER 1: GENERAL INTRODUCTION ..........................................................9 
EVOLUTION IN THE MICROBIAL WORLD.................................................................................. 10 
EVOLUTION AT THE MOLECULAR LEVEL................................................................................. 12 
BACTERIAL DEHALOGENATING ACTIVITY TOWARDS ANTHROPOGENIC COMPOUNDS ................... 14 
SCOPE OF THIS THESIS....................................................................................................... 17 
REFERENCES .................................................................................................................... 20 
CHAPTER 2: STRUCTURE AND MECHANISM OF BACTERIAL 
DEHALOGENASES: DIFFERENT WAYS TO CLEAVE A CARBON-HALOGEN 
BOND ..................................................................................................................23 
Abstract....................................................................................................................... 23 
INTRODUCTION .................................................................................................................. 24 
DEHALOGENASE FAMILIES .................................................................................................. 25 
Haloalkane dehalogenases ........................................................................................ 25 
Haloacid dehalogenases ............................................................................................ 27 
4-Chlorobenzoyl-CoA dehalogenases........................................................................ 28 
Haloalcohol dehalogenases ....................................................................................... 29 
3-Chloroacrylic acid dehalogenases........................................................................... 30 
ON THE EVOLUTION OF DEHALOGENATING ACTIVITIES............................................................ 33 
REFERENCES .................................................................................................................... 35 
CHAPTER 3: CRYSTALLIZATION AND PRELIMINARY X-RAY ANALYSIS OF 
AN ENANTIOSELECTIVE HALOHYDRIN DEHALOGENASE FROM 
AGROBACTERIUM RADIOBACTER AD1.........................................................39 
Abstract....................................................................................................................... 39 
INTRODUCTION .................................................................................................................. 40 
CRYSTALLIZATION, DATA COLLECTION AND PROCESSING ....................................................... 42 
REFERENCES .................................................................................................................... 44 
  
6 
CHAPTER 4: STRUCTURE AND MECHANISM OF A BACTERIAL 
HALOALCOHOL DEHALOGENASE: A NEW VARIATION OF THE SHORT-
CHAIN DEHYDROGENASE/REDUCTASE FOLD WITHOUT AN NAD(P)H 
BINDING SITE .................................................................................................... 47 
Abstract ...................................................................................................................... 47 
INTRODUCTION .................................................................................................................. 48 
RESULTS AND DISCUSSION ................................................................................................. 50 
Structure determination .............................................................................................. 50 
Overall structure of haloalcohol dehalogenase HheC................................................ 50 
The halide binding site of haloalcohol dehalogenase HheC ...................................... 52 
Product binding in haloalcohol dehalogenase HheC.................................................. 54 
Binding of a substrate mimic in haloalcohol dehalogenase HheC ............................. 56 
Structural relationships between haloalcohol dehalogenases and short-chain 
dehydrogenases/reductases ...................................................................................... 56 
Catalytic mechanism of haloalcohol dehalogenases.................................................. 60 
On the origin of haloalcohol dehalogenase activity .................................................... 62 
MATERIAL AND METHODS ................................................................................................... 64 
Crystallization of HheC............................................................................................... 64 
Structure determination and refinement ..................................................................... 65 
Site-directed mutagenesis and kinetic characterization ............................................. 66 
Structural alignment and sequence analysis.............................................................. 67 
REFERENCES .................................................................................................................... 68 
CHAPTER 5: STRUCTURAL BASIS FOR THE ENANTIOSELECTIVITY OF 
EPOXIDE RING OPENING REACTIONS CATALYZED BY HALOALCOHOL 
DEHALOGENASE HHEC................................................................................... 73 
Abstract ...................................................................................................................... 73 
INTRODUCTION .................................................................................................................. 74 
MATERIALS AND METHODS.................................................................................................. 77 
Crystallization ............................................................................................................. 77 
Data collection and refinement................................................................................... 79 
Computational techniques.......................................................................................... 79 
Free energy calculations ............................................................................................ 80 
RESULTS AND DISCUSSION ................................................................................................. 81 
Structure of an HheC:H2O:(R)-pNSO complex at 1.7 Å resolution ............................ 81 
Structure of an  HheC:H2O:(S)-SO complex .............................................................. 82 
Structure of an HheC:H2O:(S)-pNSO complex at 1.9 Å resolution............................. 85 
Calculations of the relative Gibbs binding energy between (R)- and (S)-pNSO ........ 85 
CONCLUSIONS................................................................................................................... 87 
REFERENCES .................................................................................................................... 88 
CHAPTER 6: THE X-RAY STRUCTURE OF TRANS-3-CHLOROACRYLIC 
ACID DEHALOGENASE REVEALS A NOVEL HYDRATION MECHANISM IN 
THE TAUTOMERASE SUPERFAMILY.............................................................. 91 
Abstract ...................................................................................................................... 91 
INTRODUCTION .................................................................................................................. 92 
METHODS ......................................................................................................................... 94 
Overall structure of CaaD........................................................................................... 98 
The active site of native CaaD ................................................................................... 98 
The active site of inactivated CaaD.......................................................................... 100 
  
7 
Mutagenesis of αArg-8 and αGlu-52 ........................................................................ 102 
Similarity to other members of the 4-OT family ........................................................ 103 
Mechanism of inactivation of CaaD by 3-bromopropiolate....................................... 104 
Conversion of trans-3-chloroacrylate by CaaD......................................................... 106 
The evolutionary origin of chloroacrylate dehalogenating activity ............................ 107 
REFERENCES .................................................................................................................. 108 
CHAPTER 7: OUTLOOK ..................................................................................111 
INTRODUCTION ................................................................................................................ 112 
WHAT ARE THE POSSIBLE HALIDE RELEASE PATHWAYS IN HHEC? ........................................ 112 
CAN WE ENGINEER A REDOX ACTIVITY IN HALOALCOHOL DEHALOGENASE HHEC? .................. 114 
CAN WE EXPERIMENTALLY EVOLVE DEHALOGENATING ACTIVITIES IN ENZYME SUPERFAMILIES? 115 
REFERENCES .................................................................................................................. 117 
CHAPTER 8: SUMMARY..................................................................................119 
INTRODUCTION ................................................................................................................ 120 
DEHALOGENATION OF ANTHROPOGENIC HALOGENATED HYDROCARBONS BY BACTERIA........... 121 
DIFFERENT WAYS TO CLEAVE A CARBON-HALOGEN BOND..................................................... 121 
MOLECULAR BASIS OF TWO NOVEL DEHALOGENATING ACTIVITIES IN BACTERIA....................... 122 
ON THE ORIGIN OF DEHALOGENATING ACTIVITIES IN BACTERIA.............................................. 123 
CHAPTER 9: NEDERLANDSE SAMENVATTING ...........................................125 
INLEIDING........................................................................................................................ 126 
DEHALOGENERING VAN ANTROPOGENE GEHALOGENEERDE KOOLWATERSTOFFEN DOOR 
BACTERIËN...................................................................................................................... 127 
VERSCHILLENDE MANIEREN OM EEN KOOLSTOF-HALOGEEN-BINDING TE VERBREKEN .............. 128 
MOLECULAIRE GRONDSLAGEN VOOR TWEE NIEUWE DEHALOGENERINGSACTIVITEITEN ............ 129 
DE OORSPRONG VAN DEHALOGENERINGSACTIVITEITEN IN BODEMBACTERIËN ........................ 132 
CHAPTER 10: NAWOORD...............................................................................133 
  
8 
